We present results on ion transport through large bore capillaries (macrocapillaries) that probe both the geometric and ion-guided aspects of this ion delivery mechanism. We have demonstrated that guiding in macrocapillaries exhibits position-and angledependent transmission properties which are directly related to the capillary material (either metal or insulator) and geometry. Specifically, we have passed 1 keV Rb + ions through glass and metal macrocapillaries, and have observed oscillations for the transmitted ion current passing through the insulating capillaries. Straightforward calculations show that these oscillations can be attributed to beam deflections from charge patches that form on the interior walls of the capillary. The absence of these oscillations in the metal capillary data serve as further confirmation of the role of charge patch formation.
This effect involves charge patch formation on the inside walls of the insulating capil-1 lary due to neutralization of and secondary electron emission initiated by the colliding 2 M/HCI beam. Although these charges formed on the wall can dissipate into the capil-3 lary bulk or along the surface, they can also interact repulsively with ions of the incom-4 ing M/HCI beam to deflect them away from the capillary wall. After sufficient time has 5 elapsed, a steady-state condition can be reached between charge patch formation and 6 charge dissipation such that a charge-state and kinetic energy preserving transmission 7 of the M/HCI beam is established. This is the definition of the guiding effect for ions 8 within a capillary, and an extensive review of the existing research in this field can be 9 found in Ref. [18] .
10
Existing research can be classified into two categories depending on the diameter d and the use of curved glass capillaries to achieve large bending angles [22] . In this pa- The organization of this paper is as follows. In Sec. 2 we describe the experimental 21 setup used in these measurements. In Sec. 3, we present data measured on a cylindrical 
Experiment

26
We have measured the position-and angle-dependent transmission properties of 27 singly-charged ions for macrocapillaries with diameters and lengths of a few millime-
28
ters and a few centimeters respectively. The experiment was conducted at Clemson 29 University using the singly charged ion beamline described in detail in Ref. [ given by θ c = tan Before inserting the capillaries into our vacuum system, they were cleaned using Position-and angle-dependent data were obtained for the four macrocapillaries 4 listed in Table 1 using the methods described in the previous section. Figure 1 shows 5 transmitted currents as a function of time measured for the metal capillary (Sample # 1).
6
Each line in the figure refers to a measurement conducted when the capillary was in-7 serted to a specific distance (Fig. 1a ) or rotated to a specific angle (Fig. 1b) form of this angular-dependent area, A(θ), is given by
where γ = (l/d)tan(θ).
The solid line in Fig. 2 , which corresponds to this equation for our metal macro-7 capillary, shows that the measured angular-dependence of the transmitted current has 8 a narrower angular range than this calculated geometrical limit. We note that our as- beam measurements, will be pursued in future measurements.
15
Representative data for a straight glass macrocapillary (Sample # 2) is shown in ( Fig. 4a ) and tilt angle ( Fig. 4b ) with those discussed above for the the metal macro-18 capillary (Fig. 1 ) reveals the primary difference between these capillary types, which
19
is the oscillations in the transmitted current for the glass macrocapillary. Specifically. other macrocapillaries listed in Table 1 . Therefore, we conclude that the transmitted 10 current excursions observed for the insulating macrocapillaries are material-dependent. tween these data and the metallic macrocapillary result (Fig. 2) then become obvious, 4 as both are governed primarily by the geometric constraints of Eqn. 1.
5
Although our data qualitatively point to beam deflection due to charge patch for-6 mation as the underlying origin of the observed oscillations of transmitted currents in 7 insulating macrocapillaries, it is instructive to examine the order of magnitude of the 8 fields required to give rise to it within our parameter space. Specifically, the kinetic 9 energy of our incident ions is fixed at 1 keV, the path length to the Faraday cup detector show that charge patch formation can give rise to our observed results. to each other, as shown in Fig. 7 . We note that we have used the average radius for 3 the calculated transmitted current as opposed to using a more general form of Eq. 1.
4
The smaller amplitude of oscillation, or decreased variation in the maximum and mini-5 mum transmitted currents, indicates that charging effects were less pronounced for this 6 macrocapillary. The authors gratefully acknowledge financial support from the National Science 
